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تصاوير، نمودارها و 

جداول مفيد كتاب

Basics in Mineral 

Processing

Basic definitions
 It is important to know the definitions of mineral, rock and ore as

they represent different product values and partly different
process systems.
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Artificial minerals
 “Man made” minerals are not minerals by definitions. But from

processing point of view they are similar to virgin minerals and
are treated accordingly (mainly in recycling processes).

Minerals by value

a. o. = And Others
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The process frame of minerals

Mineral processing and hardness
 All deposits of minerals, rock or ores have different hardness

depending on the chemical composition and the geological
environment.
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Mineral processing and hardness
The Mohs scale of mineral hardness (/moʊz/) is
a qualitative ordinal scale characterizing scratch
resistance of various minerals through the ability of
harder material to scratch softer material. Created in
1812 by German geologist and mineralogist Friedrich
Mohs, it is one of several definitions
of hardness in materials science, some of which are
more quantitative.

Mineral processing and hardness
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Mineral processing and hardness

Mineral processing and hardness
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Size and hardness
 All operations have different process environments due to mineral hardness

and size range. It is important to know in which “range” we are operating as
this will affect many process parameters, (wear rate, uptime, operation costs
etc.). Size and hardness together give interesting information.

Uptime: time during which a machine, especially a computer, is in operation.

The stress forces of rock mechanics
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The stress forces of rock mechanics

Operation stages
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Operation stages

Operation – Dry or wet ?
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Size reduction
 Crushing of rock and minerals
 HSI = Horizontal Shaft Impactor & VSI = Vertical Shaft Impactor

Crushing and grinding of ore and minerals
 The equipment shown below is a general application range.
 The actual range depends on the material properties and process requirements.

HRC = Horizontal Rolling Crusher
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Size control
 Size control is the tool for improvement of the size fractions in the process

stages and in the final products.
 For the coarser part of the process, screens are used (in practice above 1-2 mm).
 In the finer part we have to use classification with spiral classifiers.

Enrichment – Washing
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Enrichment – Separation
Most value minerals (both metallic and industrial) are priced by

their purity.
 After liberation by size reduction and size control all minerals are

free to be separated from each other.

Upgrading
 Upgrading by methods
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Wear in operation
Whenever energy in any form penetrates rock, ore or mineral,

wear will appear.

Wear in operation
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The size reduction process

Size reduction

 Feed material

 All operations in size reduction, both crushing and grinding are

of course determined by the feed characteristics of the minerals

(rock/ore) moving into the circuit.

 The key parameters we need are the “crushability or grindability”,

also called work index and the “wear profile”, called abrasion

index.

 Values for some typical feed materials from crushing of rocks,

minerals and ore are tabulated below.
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Size reduction

Reduction ratio

 As seen above all size reduction operations are performed in

stages.

 All equipment involved, crushers or grinding mills have different

relation between feed and discharge sizes. This is called

reduction ratio. Typical values below.

 Note! High reduction ratio is generally inefficient. For maximum

energy efficiency, we recommend multiple stages of grinding.
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Reduction ratio

Crushing of rock and gravel

 In the ballast business you are normally paid for short fractions of

relatively coarse material with the correct size and shape.

Most of the ballast for concrete and asphalt is in the 4 - 18 mm

(1/5 - 3/4’’) interval.

 In order to produce the correct shape and keep over- and under

sizes as low as possible this crushing must be done in several

stages (3 - 5).
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Crushing of rock and gravel

Crushing of ore and minerals
 ”Classical” 3-stage crushing prior to rod mill
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Crushing of ore and minerals
 Typical 1-2 stage ore crushing in AG-SAG circuit

Crushing of ore and minerals
 Typical 3- stage crushing prior to ball mill
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Crushing of ore and minerals

 3-stage crushing utilizing an HPGR prior to a rod mill or ball mill

 Another option is including HPGRs in the crushing circuit.

 Commons circuits include utilizing HPGRs as a:

 tertiary crusher, followed by a ball mill or VERTIMILL®

 quaternary crusher, followed by a ball mill or VERTIMILL®

 pebble crusher in a SABC circuit

Crushing of ore and minerals
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Crushing – Calculation of reduction ratio

Crushing – Calculation of reduction ratio
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Selection of crushers

Primary crusher – Type
 For soft feed and non-abarasive feed (low Bond work index) a

Horizontal Shaft Impactor (HSI) is an option if the capacity is not
too high.

 For harder feed there is a choice between a gyratory or a jaw
crusher, see below.

 Note: HSI can be used only if the abrasion index is lower and the
plant does not mind fines production. Otherwise, a jaw crusher is
preferred for lower capacity aggregate plants.

 Rule 1: Always use a jaw crusher if you can, jaws are the least
capital cost.

 Rule 2: For low capacity use jaw crusher and hydraulic hammer
for oversize.

 Rule 3: For high capacities (800-1500 tph) use jaw crusher with
big intake opening.

 Rule 4: For very high capacities (1200+ tph) use gyratory crusher.
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Hydraulic Hammer

Primary crusher – Type
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Primary crusher – Sizing
 Crushers are normally sized from top size of feed. At a certain

feed size, knowing the capacity, we can select the correct
machine, see below.

Primary crusher – Sizing
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Primary crusher – Sizing

Gyratory crusher – SUPERIOR® MK-II Primary
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Jaw crusher – C series

Impact crusher – NP series
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Cone crusher – A powerful concept
 Compared to other crushers the cone crusher has some advantages making them very

suitable for size reduction and shaping downstream of a crushing circuit. Reason is the
crushing chamber and the possibilities to change feed and discharge openings during
operation.

Cone crusher – A powerful concept
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Cone crusher – A powerful concept

Cone crusher – A powerful concept
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Cone crusher – A powerful concept

Cone crusher – A powerful concept
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Secondary crushers (Cone) – Sizing

Secondary crushers – Sizing
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Secondary crushers – Sizing

Final crushing stage – More than just crushing
 For many rock and gravel crushing circuits the final crushing

stage is of special interest.
 The final sizing and shaping will take place in this stage

influencing the value of the final product.
 For hard abrasive rock circuits, Cone crushers, Vertical Shaft

Impactors (VSI) or High Pressure Grinding Rolls (HPGRs) can be
used.
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VSI – A rock on rock autogeneous crushing impactor

 Horizontal impactors normally use rock to metal impaction. This

means a restriction in crushing circuits with hard feed material,

when wear can be dramatically high.

 The VSI Impactor of Barmac type is using a rock-to-rock

impaction technology where most of the design is protected by

rock, see below. This means that we can use the advantages of the

impaction techniques also in hard, abrasive rock operations.

 The crushing action takes place in the “rock cloud” in the

crushing chamber, not against the rock protection.

VSI – A rock on rock autogeneous crushing impactor
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VSI – A rock on rock autogeneous crushing impactor

High Pressure Grinding Rolls (HPGRs) - HRC™

HPGRs utilize two counter-rotating tires – one fixed and

one floating – in order to effectively crush ore.

Hydraulic cylinders apply very high pressure to the

system, causing inter-particle comminution as the feed

travels between the two tires.

The basic operating principle behind HPGRs makes

them very energy efficient.
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High Pressure Grinding Rolls (HPGRs) - HRC™
The feed is introduced to the crushing zone, where high

pressure is applied to the bed of material in a highly
controlled manner.
 Dry
 Size reduction through compression, controlled

application of pressure – energy efficient
 Open or closed circuit
 Flexible operating parameters (speed and pressure)
 No use of grinding media
 Short retention time
 Feed size restricted by operating gap, minus 90 mm

depending on unit size
 Low noise level
 Low operating cost

High Pressure Grinding Rolls (HPGRs) - HRC™
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High Pressure Grinding Rolls (HPGRs) - HRC™

Final crusher – Sizing
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Final crusher – Sizing

Final crusher – Sizing
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Final crusher – Sizing

Final crusher – Sizing
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Cone crusher – GPS series

Cone crusher – HP series
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Cone crusher – HP 3, 4 and 5 series

Cone crusher – HP 3, 4 and 5 series
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Cone crusher – MP series

Cone crusher – GP series
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Vertical shaft impactor (VSI)

High Pressure Grinding Rolls (HPGRs) - HRC™



11/1/2021

40

High Pressure Grinding Rolls (HPGRs) - HRC™

Grinding – Introduction

 Size reduction by crushing has a size limitation for the final

products. If we require further reduction, say below 5-20 mm, we

have to use the processes of grinding.

 Grinding is a powdering or pulverizing process using the rock

mechanical forces of impaction, compression, shearing and

attrition.

 The two main purposes for a grinding process are:

1. To liberate individual minerals trapped in rock crystals (ores)

and thereby open up for a subsequent enrichment in the form of

separation.

2. To produce fines (or filler) from mineral fractions by increasing

the specific surface.
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Grinding methods

Grinding mills – Reduction ratios

 All crushers including impactors have limited reduction ratios.

Due to the design there is a restriction in retention time for the

material passing.

 In grinding as it takes place in more “open” space, the retention

time is longer and can easily be adjusted during operation.

 Below the theoretical size reduction and power ranges for

different grinding mills are shown. In practice also size reduction

by grinding is done in optimized stages.
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Grinding mills – Reduction ratios

Grinding – Tumbling mills
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Grinding – Tumbling mills

Grinding – Tumbling mills

Peripheral = محيطي، پيراموني
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Grinding – Tumbling mills

Grinding – Tumbling mills

Flint is a hard, sedimentary cryptocrystalline form of the 
mineral quartz, categorized as a variety of chert.

Flint = سنگ چخماقPorcelain = ظروف چيني

(alumina)
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Grinding – Tumbling mills

Grinding – Tumbling mills

Ball bearing roller bearing
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Grinding – Tumbling mills

Grinding – Tumbling mills
 Special tumbling mills SRR Mill = Solid Rubber Roller Mill



11/1/2021

47

Grinding – Tumbling mills

Grinding – Stirred mills
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Grinding – Stirred mills

Lime = CaO  slaked lime = Ca(OH)2

Calcium hydroxide (traditionally called slaked lime) is an
inorganic compound with the chemical formula Ca(OH)2

Lime Slaker

VERTIMILL®

 Comparison with conventional tumbling mills:

 Lower installation cost

 Lower operating costs

 Higher efficiency

 Less floor space

 Simple foundation

 Less noise

 Few moving parts

 Less overgrinding

 Better operation safety
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VERTIMILL®

VERTIMILL®
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Grinding – Stirred mills
Stirred Media Detritors (SMD) 

Grinding – Stirred mills
Stirred Media Detritors (SMD) 



11/1/2021

51

Metso

https://www.metso.com/contacts/

https://www.metso.com/industries/mining/comminution/

Metso



11/1/2021

52

Metso

Metso

https://www.metso.com/contacts/

https://www.metso.com/industries/mining/comminution/
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Metso

Grinding – Vibrating mills



11/1/2021

54

Grinding – Vibrating mills

Vibrating Ball Mill

Grinding – Vibrating mills

Vibrating Ball Mill
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Grinding – Vibrating mills

آسياي ارتعاشي دو سيلندري

Grinding – Vibrating mills
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Cost of grinding – Typical
 The main costs for grinding are energy, liners and grinding media.

They are different for different mill types. Below some figures for
tumbling mills

Mill linings – Basic

 Use rubber linings wherever possible due to lifetime, low weight,

easy to install and noise dampening.

When application is getting tougher use steel-capped rubber, still

easier to handle than steel.

When these both options are overruled (by temperature, feed size

or chemicals) use steel.

Ore-bed is a lining with rubber covered permanent magnets used

for special applications like lining of Vertimills, grinding of

magnetite a.o. (All The Other)
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Lining components

Grinding mills – Sizing
 Fundamental to all mill sizing is determining the necessary

specific power consumption for the grinding stage (primary,
secondary, tertiary etc.) in question.

 It can be established in many ways, some including:
1. Operating data from existing mill circuit (direct
proportioning).
2. Grinding tests in pilot scale, where the specific power
consumption is determined (kWh/t dry solids).
3. Laboratory tests in small batch mills to determine the specific
energy consumption.
4. Energy and power calculations based on Grindability Index, for
example, Bond work index (called Wi and normally expressed in
kWh/short ton).
5. Population balance modeling and other simulation techniques
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Grinding mills – Sizing

 Scale-up criterion is the net specific power consumption, i.e.

the power consumed by the mill rotor itself minus all mechanical

and electrical losses divided by the feed rate of solids.

 For the full scale mill this is then to be multiplied by the feed rate

to get the net mill power.

 This must then be increased by the anticipated mechanical

inefficiencies (trunnion and pinion bearing friction, ring

gear/pinion friction and possible speed reducer losses) as well as

electrical losses, in order to arrive at the gross power.
   ring gear: چرخ دنده

Grinding mills – Sizing

ring gear
trunnion bearing 
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Grinding mills – Sizing

ring gear

pinion bearing 

Grinding mills – Sizing
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Grinding mills – Sizing

Grinding mills – Sizing

حلقوي
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Grinding mills – Sizing

Grinding mills – Sizing

 In our labs we can run tests batchwise (in kg scale), or for more

critical applications in pilot scale (200-1000 kg/h). The pilot tests

are more accurate, but also more expensive.

 For all AG or SAG installations such tests are mandatory,

since they will tell whether this type of grinding is possible at all,

as well as establishing the necessary specific power consumption.
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Grinding circuits

اي تك مرحله
Single stage

Grinding circuits

اي چند مرحله
Multistage

Next stage

ab. = about
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Typical duties: (Single stage ball grinding and single 
classification circuit)

اي تك مرحله
Single stage

Water

Typical duties: 1. Autogenous-Single stage
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Typical duties: 2. Autogenous + Crusher
 For the also not too common cases where critical size pebbles are created and

thus inefficient grinding results.
 With pebble ports in the mill grate and separate crushing of the critical sizes

this can be remedied. However, resulting product size must match product
requirements. (Wet or dry)

port = خروجي

Typical duties: 2. Autogenous + Crusher
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Typical duties: 3. Autogenous + Ball mill + Crusher
 This is also called “ABC-circuit” and has a ball mill added in comparison with

the above circuit No 2. This can be used to correct a too coarse product from
the primary mill, and in this way be more useful and common. Mostly operated
wet, but also dry possible.

Typical duties: 4. Autogenous + Pebble mill
 Two stage AG-grinding with the primary mill in open circuit and the secondary 

pebble mill in closed circuit. 
 The pebble mill gets competent pebbles screened out from the primary mill

discharge as needed (or otherwise recirculated to the primary mill). Frequently
used by the Boliden mines (Sweden).
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Typical duties: 5. Autogenous + Ball mill / VertiMill
 Same as the above, but with the pebble mill replaced by a ball mill

or a Vertimill. This is used when there is not enough pebbles
available in the circuit, or all autogenous grinding produces too
much fines.

Typical duties: 6. Semi-autogenous + Ball mill / VertiMill

 Same as the above No. 5, but with the primary mill as semi-
autogenous, which in most cases means higher capacity for the
circuit. Many circuits type No. 5 in the US /Canada have been
converted to this circuit.
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Typical duties: 7. Semi-autogenous-Single stage
 Same as No.1 above, but with the mill as semi-autogenous. This will increase

capacity as well as application range, but will also increase wear costs (balls and
lining) and still be dependent on “natural” product size being close to the
desired. Common circuit in the US and Canada.

Typical duties: 8. HRC™ + Vertimill®
 In this circuit, the cone crusher product is fed to the HRC™ which produces the

required reduction for enrichment with the Vertimill processing as the regrind.
When applicable, this type of circuit can offer significant energy savings.
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Typical duties: 9. AG mill + HRC™ + Ball mill
 In this circuit, the AG mill is followed by a single deck screen with the oversize

being recirculated through the HRC™ before returning to the AG mill. The
undersize from the screen is fed to the ball mill circuit sump. The AG mill can
be replaced by a SAG Mill, however special care should be used to detect and
remove balls from the HRC™ feed.

VERTIMILL® Circuits

Typical duties: 10. Reversed closed circuit

Typical duties: 11. Direct feed
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Typical duties: 10. Reversed closed circuit

 Scalped or fresh feed directly into the mill

 If it is desirable to use cyclones, the next decision is where in the

process the cyclones should be – either closed circuit or reversed

closed circuit.

 Typical closed circuit has the feed to the Vertimill circuit coming

directly to the mill. This means that every particle regardless of

size will enter the mill and may be ground.

 For reverse close circuit, the feed to the Vertimill circuit is

introduced at the cyclone sump.

Typical duties: 10. Reversed closed circuit

 The material feeding the circuit that is already at product size will

have a chance to bypass the Vertimill all together, and the

grinding energy will only be spent on the coarse material.

 This can reduce the size (and capital cost) of the Vertimill

installation.

Mineralogically, there may be some benefit to direct feed in that

flotation recovery may improve if all the particles surfaces,

regardless of the particle size, are polished or refreshed.

 The reversed arrangement will minimize fines generation,

which may also improve recovery.

 To best make a mineralogical decision, you need to have a good

understand on where the losses are in the flotation circuit.
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Typical duties: 10. Reversed closed circuit

 From a circuit energy perspective, in general, if the feed has very

little material (<10%) that is final product size, it is better to feed

it directly to the mill because the cyclone or other classifying

device will send it all back to the Vertimill anyway and you would

be putting undue load on the cyclone feed pumps.

 If there is a fair amount of fines and the classification is

reasonably efficient, pre-classifying the material is beneficial.

undue= بي مورد، غير ضروري

Typical duties: 10. Reversed closed circuit
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Typical duties: 11. Direct feed
 Circuit Configuration
 In addition to cyclones or other external classification, there are

four ways to configure a Vertimill circuit:
 Top feed with recycle system
 Top feed without recycle system
 Bottom feed with recycle system
 Bottom feed without recycle system

 Bottom feed advantages
 All Particles must pass through the media, every particle

surface is refreshed
 Provides additional upward classifying flow
 Can help free (v.) locked or frozen charge at start up
 Potentially more efficient because of lack of short circuiting
 need no return valves or a tall tank

Typical duties: 11. Direct feed
 Bottom feed disadvantages
 Cannot be bottom fed via gravity and requires a feed pump
 Back flow
 Fine particles must pass through the media – potential for over

grinding
 Piping must loop above ball charge height so ball to not get to

the pump
 Requires variable speed pumps
 Tank requires flow split and level control
 Minimum inlet pressure requirement to prevent plugging

 Top feed advantages
 Does not require a feed pump; can be feed directly from

cyclones
 No inlet pressure requirement
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Typical duties: 11. Direct feed

Stirred Media Detritors (SMD) Circuits

Typical duties: 12. Open circuit, whole feed

Typical duties: 13. Open circuit, scalped feed

Typical duties: 14. Closed circuit
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Typical duties: 12. Open circuit, whole feed

 SMDs already utilize inert grinding media to improve flotation

recovery, but the surface preparation of the particle may also be

important for the flotation response.

 The whole stream can be fed direct to the mills in open circuit so

that all of the material gets some grinding to prepare the surface

for flotation.

 If the upstream process can provide steady feed rate and solids

concentration (i.e. a thickener), the SMD can be operated in open

circuit with no additional equipment required.

 If the feed rate or solids concentration will fluctuate periodically,

then including a buffer tank to feed the mills is advised.

inert: ساكن

buffer: حائل

Typical duties: 12. Open circuit, whole feed
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Typical duties: 13. Open circuit, scalped feed

 If the losses in the flotation circuit are in the coarse, un-liberated

material and fines generation needs to be minimized, then the

SMD will be more efficient at increasing the recovery by grinding

just the coarse material.

 Scalping cyclones can be used ahead of the mill to scalp the fines

and send them straight to the next process, and the cyclone

underflow feeds the SMD, and is then recombined with the

cyclone overflow for the next process.

 As previously stated, the SMD is best operated between 40-50%

solids, and a scalping cyclone also provides a nice solution to

thicken the feed to the mill. Scalping = جداكننده

Typical duties: 13. Open circuit, scalped feed

Scalped: polished or refreshed

/skælp/

پرداخت شده، صيقلي شده
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Typical duties: 14. Closed circuit

 The SMD can also be operated in closed circuit. This arrangement

provides all the advantages of the Open Circuit, Scalped feed

configuration, but also provides a method to control the particle

size other than feed rate and mill power.

 The SMD operates quite well in an open circuit configurations,

and only a handful are operated in closed circuit.

 For ultrafine grinding, operating in closed circuit is difficult

because the small diameter cyclone can easily plug.

 Closed circuit configuration is primarily used in coarser grinding

applications and when the specific energy is low - the average

residence time of the particle is short.

Other than = غير از

Typical duties: 14. Closed circuit
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Metso Mining and Construction

Allis-Chalmers
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Grinding – Power calculation

Grinding – Bonds Work Index*
 *These values are not constant and must be used accordingly!
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VERTIMILL® – More than a grinding mill
 The VERTIMILL® grinding mill is considered to be an “intelligent”

grinding concept giving an energy saving and controlled process
of size reduction for comparison with tumbling mills.

VERTIMILL® – More than a grinding 
mill

Flue-gas desulfurization (FGD) is a set of technologies used to remove sulfur
dioxide (SO2) from exhaust flue gases of fossil-fuel power plants, and from the
emissions of other sulfur oxide emitting processes.

flue-gas:  دودكش، گاز سوخته، گاز مجراي كورهگاز
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Vertimill ® as lime slaker

 The Vertimill ® is an excellent lime slaker producing an optimal

product in a simple one-step operation.

slake /sleɪk/:  شكفتن، هيدراته كردن
Slaked lime: آهك هيدراته، آهك شكفته

grit: سنگ ماسه، شن، ريگ، ريزه سنگ

Steel Shot VS Steel Grit

grit: سنگ ماسه، شن، ريگ، ريزه سنگ
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Vertimill ® as lime slaker

Grinding vs enrichment and upgrading
 In the size reduction stages of grinding we are also creating the

conditions for the following process stages of enrichment and
upgrading.
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AG and SAG mills

EGL= Effective Grinding Length

AG and SAG mills
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Ball mills

Ball mills
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Ball mills (continue)

Ball mills (continue)
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Spherical roller bearing supported ball mill

Spherical roller bearing supported ball mill
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Conical ball mill

Conical ball mill
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SRR mill
Solid Rubber Roller 

SRR mill
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VERTIMILL®

 Type WB (Wet grinding – B design) is larger in diameter, but also

have larger diameter, screw turning at lower speed and shorter

overall height compared with the LS (Lime Slaking) type.

 They are designed to operate at full motor power.

Ore bed lining.

 Regarding type LS for size reduction and slaking of lime.

VERTIMILL®
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VERTIMILL®

VERTIMILL®
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VERTIMILL®

VERTIMILL®

 Type LS (Lime Slaking) for size reduction and slaking of

lime

 Regarding type WB (Wide body) for grinding operations only.
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VERTIMILL®

VERTIMILL®
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Stirred media grinding mill

Stirred media grinding mill
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Vibrating ball mill

Vibrating ball mill
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Size control by methods

In mineral processing practices we have two methods

dominating size control processes: Screening &

Classification

Screening
 Screening using a geometrical pattern for size control.
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Classification
 Classification using particle motion for size control.

Screens

 Performance of screens will fall back on three main parameters:

Motion – Inclination – Screening media

 :fall backآمدنپايين يافتن، كاهش 
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Screen motions

Screening by stratification
 By building up a material bed on a screen deck the material will

stratify when the motion of the screen will reduce the internal
friction in the material.

 This means that the finer particles can pass between the larger
ones giving a sharp separation.
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Screening by free fall
 If we use the double inclination used for stratification (from 10-15

up to 20-30 degrees) we are in free fall, meaning that no particle
layer can build up on the screen deck.

 The particles will now be sized directly via the screening media,
giving a higher capacity, (or a more compact installation), but also
less sharpness in separation.

Optimal use when a large amount of fines shall be removed fastly.

Screen types

 There are many types of screens, but they can be reduced to the

four types shown below.

Of these types approx. 80 % used worldwide are of type single

inclination, stratification screens.

 The other are of type double, triple or multiple inclination, where

screening by stratification and free fall are combined for different

applications.
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Screen types

Screen types
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Screen capacities

 Sizing of screens is a time consuming process to be done by

specialists.

 To get an idea about capacities we can use the figures below.

 They refer to screening by stratification using wire mesh as

screening media.

Screen capacities
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Selection of screening media
 Selection of the correct size and type of screen is important.
 Equally important is the selection of the screening media.
 This refers not only to a correct aperture related to the “cut size”,

but also to the wear in operation of these screens.
 Below a short selection guide to screening media can be found.

Selection of screening media
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Selection of screening media

/camber: /ˈkæmbərخميدگي اندك، تحدب كم

Selection of screening media
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Selection of screening media

Particle size – Mesh or Micron?
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Single inclination screen – Circular motion

Single inclination screen – Circular motion
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Double inclination screen – Linear motion

Double inclination screen – Linear motion
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Triple inclination screen – Linear motion

Triple inclination screen – Linear motion
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Multiple inclination screen – Linear motion (Banana screen)

Classification – Introduction

 For size control of particles finer than 1 mm, we are moving out

of the practical range of conventional screens.

 Classification is the process of separating particles by size into

two or more products according to their behavior in air or water

(liquids).
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Classification – Introduction

 Classification methods:

 Wet classification with hydrocyclones using separation by

centrifugal force covering the size range of 10–100 micron

(typical)

 Wet classification with spiral classifiers using separation by

gravity covering the size range of 100 – 1000 micron (typical)

 Dry classification using separation by centrifugal force covering

the range of 5 – 150 micron (typical).

Wet classification – fundamentals
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Wet classification – fundamentals

 If a particle has no interference from other particles it moves
faster than a particle surrounded by other particles due to
increased density and viscosity of the slurry.

 This is called free and hindered movement and is valid both for
gravity and centrifugal classification.

Hydrocyclone
 Centrifugal forces classify solids by size (mass).
 High mass particles closer to outer wall reporting to underflow.
 Low mass particles closer to the center reporting to overflow.
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Hydrocyclone design

 1. Vortex finder

 2. Inlet head

 3. Spigots (apex)

 4. Overflow elbow

 5. Feed inlet

 6. Barrel

 7. Cones

 8. Cone extension

Hydrocyclone applications – more than size control

 Although the hydrocyclone by nature is a size controlling

machine, the number of applications in mineral are many:

• Classification in grinding circuits

• Dewatering and thickening

• Desliming and washing

• Enrichment of heavy minerals (DMS) (dense medium separation)

• a.o.
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Spiral classifier

 By combining a gravity settler of rectangular section with a sloped

transport spiral for the sediment – we have a spiral classifier.

sub‧merge /səbˈmɜːdʒ $ -ˈmɜːrdʒ/: ور ساختن، در آب فرو بردن غوطه

Spiral classifier
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Spiral classifier – Design

 By combining the proper submergence of the spiral as shown in

the drawings of the three models at right with one of the three

tank designs a choice of combinations are possible.

 Thus the selection can be tailored to suit each problem.

 The proper combination of pool depth, area and spiral

construction, result in controlled turbulence for accurate size

separations or efficient washing or dewatering as desired.

 The required pool area is balanced with the sand raking capacity

of the spiral by the design of the tank.

 Tank designs to suit specific applications are shown below.

tai‧lored /ˈteɪləd $ -ərd/: fit ،مناسب، درخور، جورشده

Spiral classifier – Design
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Spiral classifier – Design

 Straight side: For coarse separations.

Modified flare: Increases pool area for intermediate to fine

separations and for washing and dewatering.

 Full flare: Maximum pool area for fine to very fine separations

and for washing and dewatering where large volumes of water are

to be handled.

 Sand raking and conveying is usually a major consideration in any

classifier application, and the full range of spiral diameters

available cover all requirements.

Spiral classifier – Design

 Each of these units is designed for high efficiency and greater
raking capability due to the increased lead or helix angle of the
spiral.

 This increased lead angle results in improved conveying
efficiency and greater conveying capacity.
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Spiral classifier – Design
 Single pitch: Single pitch spirals are available on all sizes of

classifier and consist of one continuous spiral ribbon.

Spiral classifier – Design
 Double pitch: The double pitch spiral has twice the raking

capacity of a single pitch assembly and consists of two duplicate
spiral ribbons.

 This construction is available for all sizes of classifier.
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Size control in crushing and grinding circuits

/ˈfleɪki/ لايه لايه

Size control in crushing and grinding circuits
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Grinding circuits – Screening

 Used for “trapping critical sizes” in AG - SAG circuits (1)

 Used for taking out size fractions from AG circuits for pebble

grinding (1)

 Used in circuits with heavy minerals – avoiding over grinding

(fine screening) (2)

 Screens being static (fixed cut point) are not too tolerant to

changes in product size, causing variations in circulating loads.

Mechanical damage or clogging of screening media can disturb

operation.

 :cloggingگرفتگيانسداد لوله بر اثر خوردگي،  

Grinding circuits – Screening
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Grinding circuits – Classification

 Classifiers being dynamic (floating cut point) are more tolerant to

changes in product size as the cut point is moving with the

changes.

 Cyclones, being most common, are effective as classifiers at cut

points below 300 microns (1)

 Spiral classifiers are effective as classifiers at cut points up to 800

microns.

 For the coarse fraction solids up to 50mm (2˝) can be removed by

the spiral.

 Spiral classifiers and cyclones can be used complementary if cut

point is coarser than 200 microns. (2)

Grinding circuits – Classification
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Wear in operation
Mineral processing activities unavoidably result in wear. And wear

costs money. Often lots of money. This is related to the structure
of rock, ore or minerals, being crystals normally both hard and
abrasive.

Wear in operation
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Wear in operation

Wear by compression

خودترميمي
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Wear by impaction (high)

Wear by impaction (low)
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Wear by sliding pol‧y‧u‧re‧thane /ˌpɒlɪˈjʊərəθeɪn $ ˌpɑːlɪˈjʊr-/

Wear protection – Wear products
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Wear protection – Wear products

Wear products – applications



11/1/2021

121

Wear protection – Wear parts
Wear parts – Screening

Wear parts – Screening
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Wear parts – Grinding

Tumbling mill – lining components
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Linings for mills

Tumbling mill liners – material



11/1/2021

124

Tumbling mill liners – material

VERTIMILL® – Liners

گرد كفياتاقان 
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Something about ceramic liners

 Although ceramics have high

resistance against wear, temperature

and most chemicals, they have never

really been accepted as day-to-day

standards in Slurry Pumping.

 Being both brittle and expensive to

manufacture.

 Development work on ceramics

continue in an attempt to improve

the possible acceptance.
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